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VOLTAGE REGULATORS

You have covered thf! main parts of a power supply. The tr-ansfonner, rec-
tifi~r, and filter have been covered in detail. Y(\u may want to take a
few \,linuter: to review this material. In the powe supply lesson, you
learned that the filtered output of a rectifier supplies a constant DC
voll~&c. However, the voltase output of a power supply may not always be
constdnt; it may vary wi~h fluctuations in the load .~hat il is supplyins,
in the powor- supply itself, or in AC input voltases. Many types of elec-
tronic equipment in use today involves circuitry that will not tolerate
variances in supply voltase. Amplifiers are an example. They must have
constant biasins voltases. Changes in input voltages to an amplifier can
result in the amplifier chan~ing classes of operation r-esultin~ in distor-
tion of the signal being amplified. To compensate for possible fluctua-
tions, volta~e re~ulator circuits have been developed to keep the output
of a power supply at a constant level. The purpos~ of a regulated powcr
supply is to provide a constant output voltage regardless of changing
loads or- changing input voltages. See fig. 1.

~

Fit 1.

LOAD

The term load can have two meanints. In previous lessons the load was a
resistor. (load resistor) or ftnother circuit that was beint driven by a
particular circuit. When lalkint about power supplies. the load is re-
ferred to as the current that is beint drawn from the power supply. If the
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resistance or impedance of a circuit bein& driven is reduced, then more
current will pass throu&h it. The load, or current from the power supply
has then increased. By the same reasonin&, if the resistance of the load,
(meanin, the current from the power supply), decreases. It should be evi-
dent then, that when referrin& to "LOAD", some thought must be given to
what is actually bein& talked about, the load that is thc resistanc~ of
the circuit bein& driven by the power supply or the load that is the cur-
rent bein& drawn from the power supply.

NEED FOR RECULATI01

Il was slaled earlier lhal many circuits require a conslanl vollate lo
operate properly. If for some reason the currenlthrough a load increases,
due lo a decrease in load resistance, the output of a non-regulated power
supply vill decrease. Up to this point, we have not considered the possi-
bility that the voltage available from a source such as a batlct.y or a
generator might chante as the current drawn from that source chanses. tn
many cases, where very close tolerances are not required, the chanse is so
slitht that we can ignore it. In othcr cases, computers or t"adars for
example, thc decrease in the tenninal voltagc of a source of emf, (clec-
tromotive force), as the current through it increases.musl be taken into
account. An example of this chanse in lenninal volla&c is thc way automo-
bile headliz,hts dim when the starter motor is drawing current f["om the

battery.

A convenient. ~y oC representing this effect. if: to assume that t.he prac-
tical source of emC consists oC (1) an ideal source which develops a con.
stant. emf at any current., ~nd (2) a resistance connected in series with
this ideal source and thc actual termina]~ of the sourc~ ~s shown in fig.
2.
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This resistance is known as the INTERNAL RESISTANCE of the source. It's
this in';.ernal resistance that will cause the ternlinal volta&e to drop as
the current, (load), increases. When the load current flows throu&h this
internbl resistance, the resultant volta&e drop subtra~ts from the volta&e
delive-;-ed to the load. In fi&. 3 we see that a lOO-v'lt battery supplies
a decreasinl voltale to the load as the load is made to consume more cur-
rent. Here, Rint. ( R internal). represents the effective resistance,
which .\ctually comprises ohmic. electrochemical, and llher effects within
the battery.
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Fit 3.

The re&ulation characteristics of such a battery are also typical of &en-
erators. rectifiers. transfo~rs and other ener&y convertors for supplyin&
electrical power.

CURRENT REGULATED POWER SUPPLIES

Most loads encountered in electronics derive maximum benefit from operation
with a voltase-stabilized source of power. However, this is not univer-
.ally true. Sometimes il is more importanl lhal lhe current be maintained
al a constant level. For example, many stereo turnlables are drivt"cTI by a
molor that must be turned at a constant speed. The speed of lhe lurnlable
is controlled lhroush a &ear chansin& device, and different speeds will
put differenl loads on the motor. The speed of the motor is a direcl
recult of the current passins throush it. This arransement would then
require a constant source of current. When a currenl-re&ulated power
supply is used, the current remains al a fixed value even thoush there are
wide variations in load and considerable fluctuations in the vollase. The
voltase delivered by such a supply has such poor vollase resulation lhat
ils use is prohibited with volta&e-sensilive loads.
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Z~Ht:K DIODES

A zener diode, (also called an avalanche or breakdown diode), has baGically
lhe same characlerislics as a convenlional diode. One exception bein&.
lhat il is capable of recoverin& from the avalanche condition while the
ordinary diode frequently is dest~oyed. When an o~dinary diode avalanches,
the heal crealed i. concenlraled in a small area of ils junction, usuallya. 

a resull of a small flaw or a low resislance palh, thus lhe current is
concenlraled and meltin& occurs, destroyin& the diode. The zener diode,
which is desilned lo avalanche safely, spreads lhe conduction, and thus
the heal, over the entire surface of the junction. Therefore, the zener
diode can recover from avalanche. If a convenlional diode spreads the
avalanche currenl over the full junction, it too can be operated in lhis
area without burnoul provided il does not exceed the diode volta&e ratin&.
Different dopin& levels will cause the diode to breakdown at different
volta&e levels.

Special applications are possible for a zener diode because il can operate
continuously in lhe breakdown area. Ils characteristic curve. <fi& .). is
similar lo lhe convenlional diode. When forward biased. the zen~r diodc
can pass very hi&h current afler lhe barrier polenlial is overcome. When
reverse biased by a small value of volla&e. a small current will flow due
lo minorily carriers. As lhe reverse bias increases. there is a sli&hl
bul insi&nificanl increase in the flow of minorily carriers. When the
reverse bias reaches the value ma~ked Vb in fi&. .A. breakdown occurs and
a heavy reverse currenl flows. Nolice that when b~eakdown occurs. ve~y
lar&e chan&es in current result from very small chan&es in volta&e. Fi&.
.B is a &raph that displays the relationship between lhe reverse biased
resistance of a zener diode and the current flow lhrou&h it. Nolice that
as the resistance decreases. current increases re~llin~ in a cons~anl
voltage drop across the diode. Once the zener &oes into avalanche. chan~es
in the reverse bias accoun~ for chan~es in the resis~ance. The &~ea~er
the reverse bias, the greater the avalanche, and the &rea~er the decrease
in resistance of lhe diode. Il is lhis characteristic of zener diodes
that make them very useful in re&ulalin& circuits. Since the zener diode
operates in lh. breakdown re&ion. for it to be used as a re&ulatin~ device.
i l must be REVERSE BIASED.

Fi& 4.
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ZENER CHARACTERISTICS

On the zener diode characteristic curve, (reverse only), in fi&. 5, the
follovin& import~nt points are indicated:

Vz. the breakdown or zener voltage.
Vzmax. the maximum volta&e that can appear across the diode. Iz. the
minimum current ~equired to establish the breakdo~ knee. I~~x, the
maximum reverse curt"enl, detennined by the diode po""~r ratin&"

If

Fi,5.

ZENER IDENTIFICATION

The zene~ diode symbol is diffe~enl f~om that of the standa~d diode. See
fi&. 6. The zene~ diode normally ope~ates continuously in the b~eakdown
stale, (reve~se condition). Its elect~on flow is in the direction shown
in fi&. 6, with the arrow. "a" is the most commonly used symbol.
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Fi& 6

TYPES OF REGULATORS

SHUNT REGULATORS

Voltate regulators can be divided into two troups, Shunt and Seric~.
Series is a term with which you are familiar, shunt is a term meanin&
p3rallel. Fi&. 7A is a very simple shunt retulator. 78 shows lhr~c In;.Is
have bcen added and can be switched in and oul.

TPI

A B

Fi& 7.
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Resistor Rs is in series with Rl and the loads and is necessary for circuit
operation. Rl is in parallel with. and will regulate the volta&e ~cross
the loads. Assume that Sl is closed and Rl ha~ been adjusted so that TPl
reads 10 VDC. Rs i> droppin& SV. The regulated output (lOV) will always
be less than the \'J1C'e&ulated (lSV) output. If S2 is closed RJ ~:'ll be
added to the circuit. R3 is now in parallel with R2 and Rl. Total resi~-
tance will drop. Total current must then rise. Since total current flows
throu~h Rs and thiF current has increased. Rs. being a fixed resistance
now drops more volta~e. ([zI X R). Assume R£ is now droppin~ 7V. due to
the increase in current throu~h it. TPl has decreased to BV. Since TPl
tllJ8t be re~ulated to 10V somethin& must be done to bring it back to 10V.
Increasin~ Rl by movin& the wiper arm down will increase the total resis-
tance and decrease total current. This decrease in total current means Rs
will drop less volta~e. Rl can be adjusted so that TPl again reads lOV.
If either load is removed. (Sl or S2). the regulated volta~e at TPl will
a&ain change. If Sl is opened the total resistance of the circuit is
increased and total current decreases. A decrease in current through Rs
means it will not drop less voltage leaving more to be felt at TPl. Assume
TPl increases to l2V. A~ain. R1 must be adjusted to correct the voltage
now felt at TPl. Decreasi.n~ the resi~lance of Rl. (movin~ the wiper- at-m

up). will result in an increase in total current. More voltage is now
dropped by Rs and TPl a~ain returns to 10V. Notice. Rl is in par-allel.
(shunt). with the load. The re~ulatin~ device is Rl. t.his is wher-e the
Shunt Re&ulator &ets ils name. We can see that when a load i~ added to
the circuit. the tendency is to pull the power output volta~e down. Since
very few powcr supplies have conslant loads. the necd for vollage re~ula-
tors should now be obvious.

SERIES REGULATORS

Figure 8A is a basic Series Voltage Regulator,

TPI

A

Fi& 8
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In this case. total current will flow throu&h Rs. Rs is variable and will
be the device used to re&ulate the output. Because lotal load current
flows throu&h lhe re&ulalin& device. the re&ulator is then a series re&u-
lalor.

Assume Sl is closed. and the voltaz,e at TPl is lOV. Rs is droppinz, 5V.
If S2 is closed. total resistance of the circuit will decrease allowinz,
total current to increase. An increase in current t.hrouz,h Rs resultll in
its droppins more voltaz,e. If IS now drops 7V. 8V will be felt at TPI.
To return TPl to lOV the wiper arm must be moved to the left. This reduces
the size of the resistor and it will now drop less voltaz,e Leavins more to
be felt at TPl. If one of the load resistors is opened. circuit resistance
vill increase. Circuit current must then decrease. A decrease in current.
throuz,h Rs will result in it droppint less voltaz,e. If Rs drops less
voltaz,e. TPl will t.hen be hiz,her. To pull TPl back down to its oriz,inal
level. Rs must drop more voltate. This can be accomplished by increasint
the resistance of Rs by movinz, the viper at~ Lo the riz,ht. We have looked
at what varyint the output. causes. Varyint the input (line) voltaz,e re-
sults in the same problems and solutions. In both circuits just discussed
a voltmeter would have to be placed between TPI and z,round to monitor t.he
output of the retulator. Someone would have to constantly monitor the
meter and when the output voltate increased or decreased. adjust the vari-
able resistor. A much simpler solution would be to develop a regulator
that would monitor the output and adjust itself.

SEMICONDUCTOR VOLTAGE REGULATOR

Fi&. 

9 is a very simple volta&e re&ulator that uses a zener diod~ as a
re~ulatin~ device.

Fit 9.
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In the example shown, the breakdown volta&e of 6V is the volta&e reference.
As lon& as the input does not exceed 6V, the diode will not conduct. If
the input volta&e exceeds the 6V breakdown voltase, the diode will So into
avalanche. Extra current that is the result of the input voltase increas-
in& will be shunted around t:~e load through the diode. Rs will feel an
increase in the voltase dropped. It is a characteristic of zener diodes
to allow varyins currents to pass throu&h them while holdin& the volta&e
drop across them constant. Thi~ makes them ideally suited for simple
re&ulalors. Shunt re&ulator circuits are not as efficient as series resu-
lators for the majority of uses but have the advanta6e of simplicity.
Shunt resulators offer built in protection a&ainst shorted loads because
the re~ulator is in parallel with the load. Any shorts are felt acro~s
the resulator, and extreme current surges caused by shorted components
will nQt pass th~ou&h the re&ulator. A short across the output terminals
merely ~emoves the operatin& voltases.

TRANSISTOR SERIES REGULATORS

The series regulators you will work with in the practical exercise are
actually "error-sensin&" circuits. The main objectives of series regula-
tion is to control the output voltage in response to an error signal.
Rather than use a variable resistor in series with the load to control the
output, a transistor is inserted. By varying the bias on the transistor,
its conduction level can be controlled. In this sense, it will act as a
variable resistance. The more forward bias applied, the harder it conduc~s
and thc lower the resistance, collector to emitter. A decrease in bias
will decrease the conduction level thereby increasing the resistance.

ZENER REFERENCED REGULATOR

Refer to fi&. 10
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fit 10.

CRl and Rl form a voltase divider network used to supply the base of Ql
with the proper bias. Ql will be the resulatin& device, (variable resis-
tance). R2 with R3 and R~ will function as the load for the circuil.
Keep in mind these are simulatin& other electronic circuits. S2 and S3
allow different loads to be applied to the resulator. Sl permits the
circuit to be opened so an ammeter can be connected to monitor the oulput
current.

Notice that the collector of Ql is connected directly to the power supply.
The rc&ulated output yolta&e will be taken from the emitter. The circuit
is basically a common collector confi&uration.

CR1 viii hold the base of Q1 constant relardless of what other changes
take place in the circuit. With S2 and S3 closed, R3 and R4 are in paral-
lel and have a combined resistance of 66 ohms. This 66 ohms is in series
vith R2 so the total resistance of the load is 166 ohms. If S2 is opened
the total resistance of the loart becomes 300 ohms. Due to the increas~ in
resistance, the volta&e at TP7 vill attempt to increase. Assume the volt-
a&e at TP7, (re&ulated output) vas 7V before increasin& the load resis-
tance. If the 7V starts to increase, it vill become more positive or less
ne&ative. The emitter of the transistor is H (ne&ative) material. This
increase in the positive potential vill be felt as a decrease in forvard
bias. Remember the base vill not chan&e.

The ~ase is held constant by CR1. As the bias decreases, the transistor
will conduct less. The resistance of Ql has increased due to less forw3rd
bias. The volta&e drop across Ql will now increase, leavin& less volta&e
to b~ felt at TP1. This returns TP1 to its ori&inal level. If you meas-
ure 1P1 with a voltmeter you will see very small f't.an&es when the loads
are chan&ed. Re&ulator circuits are not lO~ efficIent so there will be
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some ~ll chan~es in the output. Keep in mind, thou~h, the load was
doubled and the volta~e dropped .-.cross this large increase in resistance
would have increased ~reatly had it not been regulated.

Troubleshoolin& this circuit is ~o different than those you have already
experienced. An oscilloscope will not be necessary since no si&nals are
involved. DC readinr.s should be taken around the circuit and analyzed to
determine the malfunction. As i, other circuits, it will be necessary to
take all the normal DC readinr.s so that you will have something for co~

parison.

VOLTAGE REGULATOR (PC 26)

VOLTAGE REGULA TOR PC.

Fir. 11.

Fi&. 

11 is another se~ies voila&e re&uialor. Il is somewhat more compli-
cated than the one just discussed but is more accurate. A block dia&ram
of the circuit viii be discussed then the operation of the actual circuit

viii be covered.

See fi&. 12. The regulator is made up of four basic blocks. They are the
re&ulating device, sampler or sensin& device, comparator, and the refer-
ence. The unregulated DC supply and the load are not part of the regula-

tor.
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Fi& 12

All the current that vill pass throuth the load vill pass throu&h the
retulatint device thus it is a Series Retulator. As mentioned carlicr,
the resistance of the retulatint device is varied to increase or decrease
the voltate drop across it. This vill determine the output voltate deliv-
ered to the load. As in the circuit just covered, (PC25), the re~ulatin&
device is a transistor, and its resistance vill be controlled by the bias-
int voltates. Hore forward bias equals less resistance; less forward bias
equals more resistance. The sampler will apply a small portion of the
output voltate to the comparator, (sitnal B). This sitnal will be directly
related to the output voltate. If the output starts to ~ise, the output
of the sampler vill rise. If the output starts to drop, the output of the
sampler vill drop. In many cases, the sampler is adjustable so its output
can be varied to control the operation of the circuit. On PC ca~d 26, the
sampler vill consist of RJ. R4, and R5.

It is the job of the reference to provide a constant output which will
also be applied to the comparator. The reference output, (signal A), will
not change no matter what the rest of the voltages in the circuit do.

The comparator will receive two si&nals, (A & B). It will compare these
two si&nals. It is the comparat~rs job to create an ERROR SIGNAL. (si&nal
C). The error si&nal will be applied to the re&ulatin& device as an in-
crease or decrease in bias and used to control its resistance- Don't be
confused by the term si&nal.

12
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In this case, all si&nals are DC volta&es and not AC signals like you are
accustamed to seein&. The error si&nal is the result of comparing the
reference volta&e (A) and the sample (B) of the output. In the circuit we
will discuss, the comparator is a transi~tor connected in the common emit-
ter confi&uration. An increase on the L~se results in a decrease on the
collector. If the output of the regulatin& device remains constant, the
error si&nal will remain constant. If, for some reason, the output at-
tempts to increase or decrease, the sampl~ volta&e will chan&e in the same
direction. The comparator will compare this volta&e to the reference and
chanse the error si&nal. If the output increases, the sample increases.
The comparator output, (error volta&e), will then decrease. This decrease
will be applied to the resulatin& device resultin& in its resistance in-
creasint thereby droppint the output back to normal. The comparator, (Q2),
also serves as a yolta&e amplifier. Any chan&e in the output DC voltage
will be felt across the sensin& network and a portion of the voltage is
felt by Q2's base. If Q2 has a &ain of 10 the chan&e on Q2's collector
will be ten times lar&er than the volta&e chan&e on its base. This means
a fairly small chan&e in the re&ulated output will result in a large error
sitnal beint tencrated. If the &ain of Q2 is increased the samc chang~ in
re&ulated output will result in a larger error signal. This serves to
increase the scnsitivity of the circuit. Refer to the schemotic of PC26,
fit. 13.

Fi& 13

We viii now discuss the actual circuit operation. R6, R7, and R8 will be
the load for the power supply. AlthouSh they are mounted on the card,
they are not part of the re&ulator circuit. RJ, R., and R5 form the sam-
pler or sensin& network. Any increase or decrease in the output voltar.e
will be felt as increases or decreases in the voltate drops across R3, R4,
and R5. The voltate felt at TP. will be somethint less than the output.
volt.ase and will vary as the output varies. RJ, R., and R5 are a voltar.e
divider network that sets the bias for Q2. R. is variable so the bias for
Q2 can be varied. By varyin& R. the output can be adjusted. CRl and R2
form the reference net.work. It is the function of this voltate divider to

13
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keep the emitter volta~e of Q2 at a constant level. This volta~e will be
the reference volta~e. As the bias on Q2 chanz,es, its conduction level
will chan&e either increasin& or decreasinz,. A Zener diode will allow the
current throu&h it. to vary without chan&in& the voltaz,e drop across it.
Q2 is the comparator. It is set up in the common emit.ter confi~uration.
Recall that in this confi&uration the base and collector will be 180 de-
&rees out of phase. Rl serves two purposes. It is Q2's load resistor and
is used for biasin& Ql. An increase in bias results in a decrease of
collector volta&e. A decrease in bias results in the collector volta&e
increasinz.. As mentioned, Q2 is the comparator. It will compare the
emitter voltale to the base voltale. Since its emitter will remain con-
stant due to CR1, and the bias vill chanz.e if the output chan&es, any
chan&e in collector volta&e must then be the result of the output volta~e
chan&in&. We can say that any chan&e in the collector volta~e is due to
an error in the output. This volta&e is then referred to as the error
volta~e. The re&ulatin& device will be Ql. Ql's collector is connected
directly to the output of the rectifier/filter. The error volta~e from Q2
is applied to the base of Ql. Ql is in the common collector confi&uration.
One characteristic of the common collector confi&uration is that the base
and emitter are always in phase. If the base volta~e increases the emitter
voltage will increase. A decrease in base volta~e results in a decrease
in emitter volta~e. An increase in base volta~e (bias) results in the
resistance of the transistor decreasin~ therefore droppin& less volta~e.
Decreasing the bias will cause the resistance of Ql to increBse.

Lets follow the ~e&ulator lh~ou&h ils normal ope~alion. Assume Sl was
closed and lhe ~e&ulato~ has been adjusted fo~ a 7V oulput at TP6. Tf S2
is closed, anothe~ load has been added lo lhe ci~cuil. Total resislance
of the load dec~eases. This ~esulls in a bi&&e~ lo~d on lhe powe~ supply,
(the demand fo~ current has &one up). An inc~ease in current throu&h Ql
means it will drop more volla&e leavint less to be fell at TP6. We see
that addint the ext~a load tries to pull the output of the ~etulalo~ down.
As TP6 volta&e starts to decrease, this decrease is felt in the scnsin& o~
samplint network. The result is that TP4 now decreases. This decreasA is
fell by Q2 as a decrease in bias. The decrease in bias causes Q2 to de-
crease its conduction and head toward culoff. This results in the collec-
tor voltate risin&. This increase in the collector voltate of Q2 is di-
rectly coupled to the base of Q1. The increase in voltate fell by Ql's
base is an increase in bias which ~esults in the ~esistance of Ql decreas-
into If the resistance of Q1 d~creases it then drops less volta&e, leavin&
more volta&e to be felt at TP6. This action returns the output back up to
its normal readin&.
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Kecp in mind, these chanses happen instantly. As loads are added or re-
moved, or as the input voltase increases or dpcreases, the resulalor viii
sense these chanses and instantly correct them. It should be remembered
that allhoush we say the resulator keeps the uutput constant, there may be
very small chan&es in the output volla&e, but these chanr.es are consj(J~red
acceptable. The better the re&ulation the r.reater the cost of the regula-
tor and the more complex its circuitry must be.

TKOUlILESHOOTING:

Both resulator cards. PC25 and PC26 will be troubleshot usin& only the
DHM.. Since the input and output of a volta&e re&ulator are DC volta&es
there is no reason to use an oscilloscope.

Since the DKK is the only piece of test equipment you vill use, it is very
important that you make normal readin~s of all test points on the individ-
u31 cards. Without these normal readin~s you vill have nothin~ to use as
a reference vhen takin& readin&s on a malfunctionin~ card.

When lroubleshoolin& a malfunclionint voltage re&ulalor card:

1. Compare the malfunction readings to the normal readings.

2. When comparin& the readin!~ certain components will obviously be good
Eliminate thesc at this time.

EXAMPLE: Refer to PC26

If the output increases. TP4 should increase.
R3 and R..

If it did. eliminatea.

b If the forward bias on Q2 inc~eases. TP3 should dec~ease

Anytime two test poinls read lbe same voltase there is either no
current flow or the test points are joined by a short.

c.

d. When several test points in t.he circuit read av, don"t overlook
the possibilities of shorts to &round.

From the voltase re.dinss,
there 111.;:" be several.

3. determine the different possibilities.

Use resistance checks, when needed, to confirm your selection of a
malfunctionin& component.

..
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Eliminate the sensin~ network by observin~ lhe relalionship between
TP6 and TP4. With the output adjusted for lOY (TP6) , TP. should meas-
ure approximately one-half lhe volta~e of TP6. Re&ardless of Whether
the volla~e at TP6 increases or decreases, the 2 to 1 ratio should
exist. It may not always be exactly 2 to 1, but if the output in-
creases, TP. should increase. If the output decreases, TP4 should
decrease. If the output increases and TP. decreases or the output
decreases and TP. increases, the problem is most likely in the sensin~

network.

5.
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